ABSTRACT: The positivity and asymptotic stability of the descriptor time-varying discrete-time linear systems are addressed. The Weierstrass-Kronecker theorem on the decomposition of the regular pencil is extended to the time-varying discrete-time descriptor linear systems. Using the extension necessary and sufficient conditions for the positivity of the systems are established. Sufficient conditions for asymptotic stability of the positive systems are presented. The effectiveness of the tests is demonstrated on the example.
INTRODUCTION
A dynamical system is called positive if its trajectory starting from any nonnegative initial condition state remains forever in the positive orthant for all nonnegative inputs. An overview of state of the art in positive system theory is given in the monographs Farina & Rinaldi 2000 , Kaczorek 2001 and in the papers Kaczorek 1997 Kaczorek , 1998a Kaczorek , 2011 Kaczorek , 2015 . Models having positive behavior can be found in engineering, economics, social sciences, biology and medicine, etc.
The Laypunov, Bohl and Perron exponents and stability of time-varying discrete-time linear systems have been investigated in Czornik et. all 2012 in Czornik et. all , 2013a in Czornik et. all , 2013b in Czornik et. all , 2013c in Czornik et. all , 2013d in Czornik et. all , 2014 . The positive standard and descriptor systems and their stability have been analyzed in Kaczorek 1998a Kaczorek , 2001 Kaczorek , 2011 Kaczorek , 2015 .The positive linear systems with different fractional orders have been addressed in Kaczorek 2011 Kaczorek , 2012 In this paper the positivity and asymptotic stability of the descriptor time-varying discrete-time linear systems with regular pencils will be investigated.
The paper is organized as follows. In section 2 the Weierstrass-Kronecker decomposition of the regular pencil is extended to descriptor time-varying discretetime linear systems and the solution of the stateequation describing the time-varying discrete-time linear system is derived. Necessary and sufficient conditions for the positivity of the descriptor systems are established in section 3. The stability of the positive descriptor systems is addressed in section 4. Concluding remarks are given in section 5.
The following notation will be used:  -the set of real numbers, 
2 POSITIVE TIME-VARYING DISCRETE-TIME LINEAR SYSTEMS Consider the descriptor time-varying discrete-time linear system
are the state, input and output vectors and , ) (
are matrices with entries depending on
for some C   (the field of complex numbers) and
It is well-known (Kaczorek 2015) that if (2.2) holds then there exists a pair of nonsingular matrices 
can be found by for example the use of elementary row and column operations (Kaczorek 1998b) .
Premultiplying (2.1a) by the matrix
and using (2.3) we obtain
(2.5c) 
Proof is given in (Kaczorek 2015) .
To simplify the notation it is assumed that the matrix N in (2.5b) has the form 
From (2.5b) and (2.7) we have 
The considerations can be easily extended to the case when the matrix N in (2.5b) has the form
and Nk for k = 1,2,…,q has the form (2.7).
Example 2.1. Consider the descriptor time-varying system described by the equation (2.1a) with the matrices
The condition (2.2) is satisfied since 
The equation (2.5) have the form The solution of (2.15a) is given by (2.6) with the matrices 
The solution of the equation (2.1a) with (2.11) is given by In (Kaczorek 2015) has been shown that the timevarying discrete-time system (2.5a) is positive if and only if
From (2.1b) and (2.4) we have 
In this case 
The descriptor system is positive since the three conditions of Theorem 3.1 are satisfied. The matrix ) (i Q defined by (3.7) is monomial, the conditions (3.2) and (3.3) are met since 
given by (3.5) can be found in a similar way as in Example 2.1.
STABILITY OF THE POSITIVE DESCRIPTOR LINEAR SYSTEMS
From (2.1a) and (2.6a) for
is the solution of the equation
From (4.1b) we have 
Proof is given in (Kaczorek 2015) . 
satisfies the condition
Consider the positive descriptor system described by (2.1a) for
If the assumption (2.2) is satisfied then the characteristic polynomial of the system (4.9) and of the system 
From (4.11) we have the following lemma. 
